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DOUBLE-ELECTRET MEMS ACTUATOR 



CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to the following commonly owned copending U.S. Patent 
Application: 

Provisional AppUcation Serial No. 60/363,071, "Double-Electret MEMS Actuator", 
filed March 1 1, 2002, and claims the benefit of its earlier filing date under 35 U.S.C. 1 19(e), 

TECHNICAL FIELD 

The present invention relates to the field of Microscopic Electro Mechanical Systems 
(MEMS) actuators, and more particularly to MEMS actuators configured with internally 
fixed electrostatic fields to pre-bias the ponderomotive push-pull propulsion of each mobile 
actuator element thereby enhancing their electromechanical performance as a fimction of 
input energy. 

BACKGROUND INFORMATION 

Actuators, particularly at very small scales, have been constructed in a host of 
variations, all designed to exploit electrical, electromechanical, and elastomeric effects. The 
geometries of the actuators may exhibit considerable variety firom one device to another, with 
the actuating elements ranging in shape firom thin cantilevered beams to planar deflecting 
diaphragms. 

Microscopic Electro Mechanical Systems (MEMS) actuators may refer to tmy 
actuator devices that may be built onto semiconductor chips and measured in micrometers. 
MEMS actuators may find application in a variety of systems ranging from miniaturized fluid 
pumps to flat panel displays such as those disclosed in U.S. Patent No. 5,319,491, which is 
hereby incorporated herein by reference in its entirety. 

The ^plied force of the MEMS actuators (referring to the force used to move or 
control something) is typically enhanced by applying a mechanical force in a system 
designed to exploit intrinsic leverage. The applied force of the MEMS actuators may also be 
enhanced by using iterative techniques such as using interdigitated comb electrodes. For 
example, a force may be applied at each electrode lined up in a comb fashion where an 
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aggregate force summed over all the teeth in the comb may be used to put the MEMS 
actuator into motion. However, these structures are fairly complicated and inefficient as a 
fimction of input energy. 

Therefore, there is a need in the art to enhance the performance of MEMS actuators as 
a function of input energy using a less complicated structure, while achieving the additional 
leverage (or "mechanical advantage" as it is often referred to) without adding difificult-to- 
fabricate mechanical features. 

SUMMARY 

The problems outlined above may at least in part be solved in some embodiments of 
the present invention by taking advantage of ponderomotive forces to put into motion MEMS 
actuators instead of using a mechanical force or iterative techniques thereby enhancing then 
electromechanical performance as a function of input energy. 

In one embodiment of the present invention, an actuator may comprise a first 
conductive layer residing on a first electret layer. The actuator may further comprise a 
moveable second electret layer which is spaced apart in relation to the first conductive layer 
when the second electret layer is in a quiescent state. The actuator may further comprise a 
second conductive layer in a spaced apart relation to the second electret layer when the 
second electret layer is in the quiescent state. The actuator may further comprise a voltage 
source configured to selectively apply a voltage between the first and second conductive 
layers thereby propelling the second electret layer to one of the first and second conductive 
layers. 

The foregoing has outlined rather broadly the features and technical advantages of one 
or more embodiments of the present invention in order that the detailed description of the 
invention that follows may be better understood. Additional features and advantages of the 
invention will be described hereinafter which form the subject of the claims of the invention. 
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BRIEF DESCRIPTION OF THE DRAWD^fGS 

A betta: understanding of the present invention can be obtained when the following 
detailed description is considered in conjunction with the foUowing drawings, in which: 

Figure 1 A illustrates a cross-sectional view of a MEMS actuator in a quiescent state in 
accordance with an embodiment of the present invention; and 

Figure IB illustrates a cross-sectional view of a MEMS actuator in an actuated state in 
accordance with an embodiment of the present inventioiL 

DETAILED DESCRIPTION 

The present invention comprises an actuator for taking advantage of ponderomotive 
forces to put the actuator into motioiL In one embodiment of the present invention, the 
actuator may conq)rise a first conductive layer residing on a first electret layer. The actuator 
may fiirther comprise a moveable second electret layer which is spaced ^art in relation to the 
first conductive layer when the second electret layer is in a quiescent state. The actuator may 
further comprise a second conductive layer in a spaced apart relation to the second electret 
layer when the second electret layer is in the quiescent state. The actuator may further 
comprise a voltage source configured to selectively apply a voltage between the first and 
second conductive layers thereby propelling the second electret layer to either the first or 
second conductive layer. 

Although the present invention is described with reference to taking advantage of 
ponderomotive forces in MEMS actuators, it is noted tbat the principles of the present 
invention may be appUed to non-miniaturized actuators. It is fiuiher noted that a person of 
ordinary skill in the art would be capable of applying the principles of the present invention 
as discussed herein to non-miniaturized actuators. It is fiirther noted that embodiments 
applying the principles of the present invention to such actuators would fall within the scope 
of the present invention. 

In the following description, numerous specific details are set forth to provide a 
thorough understanding of the present invention. However, it will be apparent to those 
skilled in the art that the present invention may be practiced without such specific details. In 
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other instances, well-known circuits have been shown in block diagram form in order not to 
obscure the present invention in unnecessary detaiL For the most part, details considering 
timing considerations and the like have been omitted inasmuch as such details are not 
necessary to obtain a complete understanding of the present invention and are within the 
skills of persons of ordinary skill in the relevant art. 

As stated in the Background Infonnation section, the applied force of the MEMS 
actuators (refeiring to the force used to move or control something) is typically enhanced by 
applying a mechanical force in a system designed to exploit intrinsic leverage. The applied 
force of the MEMS actuators may also be enhanced by using iterative techniques such as 
using interdigitated comb electrodes. For example, a force may be ^pUed at each electrode 
lined up in a comb fashion where an aggregate force summed over all the teeth in the comb 
may be used to put the MEMS actuator into motion. However, these structures are fairly 
compUcated and inefficient as a function of input energy. Therefore, there is a need in the art 
to enhance the performance of MEMS actuators as a function of inpnt energy using a less 
complicated structure, while achieving the mechanical leverage without adding di£ficult-to- 
fabricate mechanical features. The performance of ^4EMS actuators may be enhanced as a 
function of input energy by taking advantage of ponderomotive forces as discussed below. 
Ponderomotive forces relate to the mechanical concomitants of electrodynamic forces acting 
on free or trapped electrical charges. 

Figures lA-B illustrate an embodiment of the present invention showing a cross- 
sectional view of MEMS actuator 100 in a quiescent state and in an actuated state, 
respectively, taking advantage of ponderomotive forces. MEMS actuator 100 may actuate by 
including an electret layer ftee to be propelled by electrostatic force thereby enhancmg the 
electromechanical performance of MEMS actuator 100 as a function of input energy. An 
electret layer may refer to a dielectric body in which either a permanent state of electric 
polarization has been set up, or in which charges have been tr^ed in a planar distribution 
beneath the surface (termed a mono-charged electret). In one embodiment, mono-charged 
electrets may be formed on Lucite™ (tradename of polymethyhnethacrylate) using corona 
discharge and scanning electron microscopes. MEMS actuator 100 may comprise electret 
layer 101, an electrode 102, an electret layer 103 (may be mounted to either electrode 104, 
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electret layer 101, or both electrode 104, electret layer 101 by an elastic member, not shown) 
and an electrode 104. A voltage source 105 may be coiq)led between electrodes 102, 104. 
The electrodes are understood to be conductive, while the electret layers are not. Only 
electret layer 103 has freedom to move, whereby it constitutes the specific element to be 
propelled by electrostatic force. In one embodiment, both electret layers 101, 103 are 
negatively charged elements. It is to be understood that electret layers 101, 103 constitute a 
dielectric material in which the charge is embedded, inasmuch as a mono-charged electret 
layer may not exist in free space due to the ensuing unrestrained Coulomb repulsion of tiie 
constituent electrons or ions. The degrees of freedom of electiret layer 103, taken to include 
the dielectric material in which electret layer 103 may be embedded, presuppose that it may 
be disposed in such a way that no other element physically impedes its intended movement. 
For example, it may be situated within or adjacent to an airgap, not otherwise disclosed 
herein. It is noted that electret layers 101, 103 may comprise mono-charged electrets. 
Electrets of the mono-charged variety constitute trapped charges within the mati±x of the 
dielectric. It is further noted that, in an alternative embodiment, either electiret layer 101, 103 
or both electric layers 101, 103 may comprise polarized electiiets such that the local static 
electric field creating the pre-biased condition of MEMS actiiator 100 may be generated by a 
permanent polarization within the elecfret, in lieu of a mono-charged electret layer generated 
by inti-oducing charges into the matiix of tiie dielectric (typically by electron or ion injection 
at fixed energy levels). It is further noted that a mounting fixture (not shown), e.g., spring, 
may be attached to conductive layer 104 to hold electret layer 103 in equilibrium. It is further 
noted that mounting fixhnes used in MEMS actuators are known to persons of ordinary skill 
in the art and that embodiments implementing such mounting fixtures in MEMS actuator 100 
would fell within the scope of the present invention. 

Referring to Figure 1 A, in the quiescent state, electix)static repulsion between electret 
layer 101 and electiret layer 103 may keep electiret layer 103 as fer away as possible from 
electret layer 101, which effectively corresponds to a detented state given the intrinsic 
electrostatic bias infroduced into this system by the coexistence of the two parallel electi^t 
layers 101, 103 having flie same charge. This repulsive electrostatic force may constitute the 
primary restorative force in the system when MEMS actuator 100 is in the quiescent state. 
When MEMS actuator 100 is in tiie quiescent state, electret layer 103 naturally moves back to 
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the detented position due to the repulsion between the electret layers 101, 103 arising from 
their charge polarities being identical. 

Referring to Figure IB, when a voltage is placed across the two electrodes 102, 104, 

5 such that electrode 102 is charged positively while electrode 104 is charged negatively (thus 

constituting a quasi-capacitive ensemble), it may be appreciated that electret layer 103 is 
attracted to oppositely-charged electrode 102 while it is simultaneously repelled by like- 
charged electrode 104, creating a dual "push-pull effect" both acting in the same direction. 
Electret layer 103 may therefore be propelled much closer to electrode 102 and electret layer 

10 101, until the point that either the electrostatic forces once again balance, the electrostatic and 

mechanical restorative forces become equal, or mechanical exigencies prevent further 
motioiL Once the two electrodes 102, 104 are discharged, flie repulsion effect between 
electrets 101, 103 again dominates the mechanism, and element 103 is restored to its original 
detented position as illustrated in Figure 1 A. It is noted that, in an alternative embodiment, a 

15 voltage may be placed across the two electrodes 102, 104, such that electrode 102 is charged 
negatively while electrode 104 is charged positively. Electret layer 103 may then be attracted 
to oppositely-charged electrode 104 v/hile it is simultaneously repelled by like-charged 
electrode 102, creating a dual "push-pull effect" both acting in the same direction. It is noted 
that there is no net force on electret layer 101 due to the well-known principle that there is no 

20 electric field exterior to a capacitor, such as that formed by electrodes 102 and 104. Forces 

arising from the charging of these electrodes 102, 104 are necessarily restricted to the volume 
between them, for which reason electret layer 103 is actuated by ponderomotive forces. 

It is noted that in the embodiment disclosed in Figures lA-B, MMdS actuator 100 
25 uses two electret layers 101, 103 to provide an electrostatic push-pull without reversing the 
polarity between conductors 102, 104. In an alternative embodiment, electret layer 101 may 
be omitted while the polarity of the potCTtial between 102 and 104 is reversed to change the 
direction in which element 103 is being electrostatically propelled, which still provides an 
electrical push-pull actuator (an actuator in which electrostatic effects accoimt for bi- 
30 directional motion of the element being propelled). 

6 
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It should be appreciated that the pres^ce of electret layer 101 may create an initial 
electrostatic bias in the mechanical system of which electret layer 103 may be the sole mobile 
member. The created bias may be.leveraged during the tum-off cycle of titie system. 

5 It should be further appreciated that MEMS actuator 100 may be incorporated as the 

underlying electromechaoical drive scheme for devices such as those disclosed in U.S. Patent 
No. 5,319,491 (Figures 16 and 17). By doing so, frustration of the total intemal reflection of 
Ught may occur within electret layer 103. Referring to Figure 1, it is noted that electret layer 
101 in the present invention may correspond to an electret layer embedded just imder the 

10 surface of the Ught guide disclosed in U.S. Patent No. 5,319,491 (Figures 16 and 17), in 

which Ught is traveUng at angles under the critical angle for total intemal reflection within the 
Ught guide. Electrode 102 may correspond to the conductor disposed on the top of the Ugiht 
guide as disclosed in U.S. Patent No. 5,319,491 (Figures 16 and 17). Electret layer 103 may 
correspond to an electret layer embedded in the high refractive index deformable dielectric as 

15 disclosed in U.S. Patent No. 5,319,491 (Figures 16 and 17). Electrode 104 may be disposed 

in a fixed spaced-apart relation parallel to electrode 102 with electret layer 103 being 
disposed between electrodes 102 and 104. In contrast to a global motion of electret layer 103 
as an aggregate body, it may xmdergo deflection and/or deformation under appUcation of the 
appropriate voltage to the electrodes 102, 104, propelling the high refractive index in which 

20 electret layer 103 may be embedded closer than one wavelength of Ught to the surface of the 

Ught guide in which electret layer 101 is embedded. The Ught traveling in the Ught guide, 
which generates an evanescent, inhomogeneous wave along the surface of the Ught guide, 
maybe able to leap the gap and travel into the portions of the high refractive index dielectric, 
of which electret layer 103 is a part, tihat are closer than one wavelength from the surface of 

25 the Ught guide. The propulsion of electret layer 103 is thus to be understood as embracing 

not only motion of electret layer 103 as a rigid unit, but also deformations and other 
mechanical transformations induced by the ponderomotive forces arising under appUcation of 
appropriate voltages to electrodes 102, 104. 

30 Although the MEMS actuator is described in comiection with several embodiments, it 

is not intended to be linuted to the specific forms set forth herein; but on flie contrary, it is 
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intended to cover such alternatives, modifications and equivalents, as can be reasonably 
included within the spirit and scope of the invention. 
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